Abstract The feeding experiment was conducted to evaluate the efficacy of locally available feed resources for Tra catfish (Pangasianodon hypophthalmus) cultured a series of 21 hapa net cages installed in the earthen pond during a 4-month period. The reference diet contained fish meal as the main crude protein (CP) source, whilst in the seven test diets 20-100 % of the fish meal CP was replaced with CP from local feed ingredients: groundnut cake (GNC), cassava leaf meal (CSLM), sweet potato leaf meal (SPLM), soybean meal (SBM), golden apple snail meal (GASM) and shrimp head meal. There were differences (p \ 0.05) among diets in final body weight, total weight gain, daily weight gain, specific growth rate, viscera-somatic weight (VSI%), hepato-somatic index (HIS%) and intra-peritoneal fat (IPF%). The respective values for the shrimp head meal diet were numerically highest, followed in descending order by the reference, GASM, GNC, SPLM, CSLM and SBM diet. Food conversion ratio, fish survival rate, total feed intake, feed utilisation, fish fillet and kidney proportions did not differ among the reference and test diets (p [ 0.05). However, the viscera-somatic, hepato-somatic, kidney and intra-peritoneal fat indices differed among treatments (p \ 0.05). These data show that fish meal protein can be replaced with protein from locally available plant and animal feed ingredient resources in feed cultured in net cages in pond for Tra catfish fingerlings in effectively compromising growth performance, feed utilisation or carcass traits of fish.
Introduction
The Tra catfish (Pangasianodon hypophthalmus) farming system in the Mekong Delta of Vietnam is still operated by many small-scale farmers but with increasing pressure from large-scale operators (Bui et al. 2010; Phan et al. 2009; De Silva and Phuong 2011) . The catfish farming sector operates at marginal profit levels and the long-term viability of the industry will be determined by the operation costs of grow-out farms and the farm gate price of the farmed fish (Phan et al. 2009; De Silva and Phuong 2011) . A large proportion of the operation costs consists of feed costs, which are estimated to account for 70-90 % of total investment costs (Da et al. 2011; Hung et al. 2007; Phuong et al. 2007 ). The replacement of fish meal and trash fish (marine origin) would simply reduce the required input of the most expensive ingredients in fish feeds and thereby reduce the investment costs and increase the profit level for the farmers. This would also decrease the dependence and pressure on wild fish populations used for fishmeal. In Southern Vietnam, many potential ''trash fish'' species are currently used for fish sauce production and other human uses of high nutritional and economic values (Edwards et al. 2004; Loc et al. 2010) .
The increasing volume of exports has to be met with an increase in the fish production, quantity and quality of feeds (De Silva and Phuong 2011) . Because of its high nutritional value and palatability, fish meal and trash fish (marine origin) still remain the major dietary protein sources for striped catfish, comprising 20-60 % of the feed. However, using fish meal in fish feed is not a sustainable long-term feeding strategy (Naylor et al. 2009; FAO 2010) . It is estimated that in order to produce 1.2 million tonnes of Tra catfish about 1.4 million tonnes wild-caught whole fish will be required as feed (Halls and Johns 2013; Mamat and Alfaro 2014) . This reliance on wild marine fish in this aquaculture industry sector constitutes a major vulnerability of declining stocks of wild marine fish therefore more works are needed to identify the alternative fishmeal from local feed resources for this fish species (Kader et al. 2010) .
Tra catfish is an omnivorous fish (Phuong 1998; Cacot and Pariselle 1999) and capable of using a wide range of protein sources efficiently. The Mekong Delta contains several locally available alternative protein feed sources that are abundant and have nutritional properties indicating that they could potentially be useful as ingredients in striped catfish feed (Da et al. 2011) . Earlier studies have shown that soybean meal can be used in striped catfish feed as a replacement for fish meal without any negative effects on growth performance and carcass traits (Phumee et al. 2011; Hung et al. 2003) . Da et al. (2012) also reported that earlier results of laboratory study, fish meal protein in feed for Tra catfish fingerlings can be replaced with protein from locally available feed resources in effectively compromising on growth performance, feed utilisation or carcass traits. However, that study and most other previous studies have evaluated that feed sources for cultured fish have been performed under controlled indoor conditions with clean water. Such an experimental model is very different from the conditions under which striped catfish are cultured on earthen pond farming systems in the Mekong Delta, using water from the rivers and canals (Da et al. 2011) . The river and canal water contain dissolved nutrients and various living organisms (such as zooplankton, algae and invertebrates), which under pond conditions grow and contribute more or less to the nutrient supply of the cultured fish. Therefore, the fish response to a feed ingredient cultured in an earthen pond farming system may be different from that obtained under controlled indoor conditions with clean water. The hypothesis tested in this study was that fish growth performance and feed utilisation are better in earthen pond-cultured than indoor-cultured Tra catfish and the fish in this experiment was not feed on natural foods. This study evaluated the growth performance, feed utilisation and carcass traits of Tra catfish cultured in hapa net cages installed in earthen pond fed diets where fish meal protein was replaced with protein from groundnut cake (GNC), cassava leaf meal (CSLM), sweet potato leaf meal (SPLM), soybean meal (SBM), golden apple snail meal (GASM) and shrimp head meal (SHM).
Materials and methods

Study site
The study was carried out in an earthen pond at the Faculty of Agriculture and Natural Resources, An Giang University, An Giang province in the Mekong Delta of Vietnam.
Experimental diets
The experimental diets, consisting of one reference diet and six test diets, were formulated to meet the nutrient requirements of Tra catfish (Hung et al. 2002) . The reference diet contained fish meal as the main crude protein (CP) source, whilst in the six test diets 20-100 % of the fish meal CP was replaced with CP from alternative local ingredients (Table 1) .
Experimental fish
Tra catfish (Pangasianodon hypophthalmus) fingerlings were bought from the Research Center of Aquaculture Seed Production in An Giang province. The fish were treated with a 3 % NaCl solution for 15 min on arrival to eliminate ectoparasite infection, and were reared and quarantined in a hapa net cage (4 9 8 m 9 2 m) in an earthen pond for 2 weeks to acclimatise to the hapa net cage conditions. Fish were then randomly selected from the rearing, weighed and transferred to the experimental hapa net cage (2 m 9 3 m 9 2 m) 1 week before the experiment commenced for acclimatisation to experimental conditions.
Experimental design
The experiment was set up as a factorial design with seven different diets fed in triplicate groups of Pangasius fingerlings reared in hapa net cages in earthen pond for 4 months. At the beginning and end of the experiment, fish were individually weighed using a digital scale. One-hundred and seventy-five homogeneous fish with an average initial body weight (BW) of 16.5 ± 0.1 g/fish were selected and distributed into each hapa net cage for each treatment.
Test feed ingredients
The chemical composition of the test feed ingredients is shown in Table 2 . Groundnut cake was purchased from Vinh Long province and shrimp head meal from Kien Giang province. Soybean meal (India) and Kien Giang fish meal were purchased from the local market (AFIEX plant) in Long Xuyen city, An Giang province. Cassava leaves and sweet potato leaves (both stem and leaf) were collected during the harvest period from Groundnut cake
Rate of replacement of fish meal (FM) (%) farms in the Tri Ton and Cho Moi districts of An Giang province, respectively. The leaves were cleaned with freshwater, sun dried for 2-3 days and then milled to a meal. Golden apple snails were purchased from farmers in Cho Moi district, An Giang province, and Tam Nong district, Dong Thap province. Only the meat of the golden apple snails was collected and it was cleaned with freshwater and sun dried for 3 days before use.
Diet preparation and feeding
The feed was produced by mixing the dry ingredients carefully and then adding squid oil and distilled water. The amount of distilled water was adjusted to get the mixture to form a stiff dough. The pelleted feed was made using an electronic meat grinder (Quoc Hung company, Vietnam), with diameter and length of pelleted feed in the range 1-2 mm. All diets were sun dried for 2-3 days and then weighed and stored in sealed plastic bags in small portions at 5°C until use. New batches of experimental feeds were made bi-weekly. The fishes were fed by hand to apparent satiety, at a rate of about 3-5 % body weight per day, at 9.00 and 14.00 h.
Experiment system and management
The experiment was carried out in a 700 m 2 earthen pond with a depth of 2 m. A series of 21 hapa net cages with 2.0 mm mesh size were placed in the pond and were used to hold the fish. The hapa net cages were rectangular (2 9 3 m 9 2 m deep) and were suspended by tying them to four melaleuca poles. One feeding sieve (feeding trap), 30 cm in diameter, was placed in each hapa net cage to retain feed and to prevent feed falling to the bottom. The feed was distributed to each feeding sieve using a small boat. All feeding sieves and happa net cages were scrubbed and cleaned monthly to remove moss and muddy slime from the mesh. The pond was prepared before the experiment by removing wastewater and pond sediments and left empty to dry for about 2 weeks. The bottom sediments of the pond were treated with 30-40 kg lime and left to dry for a week before river water was pumped into the pond. About 20 % of the water in the pond was replaced by new water from the river every 2 weeks during the experiment. Chemical analysis Samples of feed ingredients, diets and fish fillets, liver and kidney were analysed in duplicate using standard methods (AOAC 1997). Dry matter was determined by drying in an oven at 105°C for 24 h. Nitrogen (N) was determined by the Kjeldahl method and crude protein (CP) was calculated as N 9 6.25. Crude fat (EE) content was analysed using the Soxhlet method after acid hydrolysis of the sample. Crude fibre (CF) content was determined by standard methods (AOAC 1997) and neutral detergent fibre (NDF) was determined according to Van Soest et al. (1991) . Ash content was determined by incineration in a muffle furnace at 550°C for 12 h. Amino acid content of ingredients and diets was analysed by high-performance liquid chromatography according to Vázquez-Ortiz et al. (1995) . Gross energy (MJ kg -1 ) was determined with a bomb calorimeter (Calorimeter Parr 6300, Parr Instrument Company, Moline, IL, USA).
Water quality monitoring Temperature (T°C) was recorded daily with a temperature meter at 8.00 and 14.00 h. Dissolved oxygen (DO mg/L), chemical oxygen demand (COD mg/L) and biochemical oxygen demand (BOD mg/L) parameters were measured twice a month; all water samples for COD and BOD were carefully taken from fish pond and filled into a 300-mL glass of biological oxygen demand (BOD). And then the water sample in glass BOD was immediately added 2 mL of manganese sulfate and was analyzed in laboratory (Stirling 1985) . COD and BOD mg/L parameters were measured using the Hach Lange cuvett test method (DR2800 visual spectrophotometer, Hach Lange Gmbh, Germany).
Water samples of Nitrite nitrogen (NO 2 mg/L), nitrate nitrogen (NO 3 mg/L), total ammonia-nitrogen (TAN mg/L) parameter were collected twice a month. Water samplings were surrounded by ice and measured in laboratory using the Hach Lange cuvett test method (DR2800 visual spectrophotometer, Hach Lange Gmbh, Germany). The pH was recorded twice a month in the fish pond with a pH meter (Schott Greate, Florida, USA). Plankton species in the pond water were monitored and determined twice a month as described by Bellinger and Sigee (2010) . The density of plankton was calculated by the formula: N = (P 9 C 9 100)/V, where N is the number of plankton per litre of water in the pond, P is the number of planktonic organisms counted in different hapa net cages of different treatments, C is the volume of the plastic bottle holding the sample (100 mL) and V is the volume of water sample from each hapa net cage. The identification of zooplankton and phytoplankton species was based on Suthers and Rissik (2008) .
Fish sampling for body indices calculation
Six-hundred and thirty fish (30 fish/hapa net) were randomly collected at the end of experiment. The fillet, kidney, liver, fat and carcass of fish were individually weighed using a digital scale for body indices calculation of the percentage of fillet, viscera-somatic (VSI%), hepato-somatic (HSI%), kidney and intra-peritoneal fat (IPF%) index.
Calculations
The following calculations were made:
The specific growth rate (SGR%) = [(ln W f -ln W i )/T] 9 100 and daily weight gain (DWG) = (W f --W i )/T), where W f and W i refer to the mean final weight and the mean initial weight, respectively, and T is the feeding trial period in days. Survival rate [(SR%) = (TF f /TF i ) 9 100], where TF f is the total number of fish at finish (harvest) and TF i is the total number of fish at start. Protein efficiency ratio (PER) = wet weight gain (g)/total protein intake (g). Protein intake (PI) = feed intake (g) 9 percent protein in diet. Total feed intake per fish (FI) = [total feed intake (g)/number of fish]. Feed conversion ratio (FCR) = [total feed intake (g)/total wet weight gain (g)].
Hepato-somatic index (HSI%) = [100 9 (liver weight (g)/body weight (g))].
Intra-peritoneal fat (IPF%) = [100 9 (intra-peritoneal fat weight (g)/body weight (g))]. Viscera-somatic weight (VSI%) = [100 9 (viscera-somatic weight (g)/body weight (g))]. Kidney index (KI) = [100 9 (kidney weight (g)/body weight (g))].
Statistical analysis
All data on fish growth performance, feed utilisation and carcass traits were statistically analysed by one-way analysis of variance (ANOVA), using Tukey's post hoc ANOVA test for individual comparisons (p B 0.05 level of significance). All statistical analysis was carried out using the IBM SPSS STATISTIC (Ibm 2011) programme, version 19.
Results
Chemical composition of feed ingredients and diets
The CP content of feed ingredients was highest in shrimp head meal, followed in descending order by golden apple snail meal, soybean meal, groundnut cake, cassava leaf meal and sweet potato leaf meal ( Table 2) .
The EE content was highest in groundnut cake, followed by cassava leaf meal and shrimp head meal, whilst the content of CF and NDF showed different patterns among feed ingredients. The highest CF and ash content were found in cassava leaf meal and shrimp head meal, whilst the highest NDF content was found in sweet potato leaf meal, groundnut cake and cassava leaf meal. The gross energy content varied between feed ingredients within the range 12.3-19.5 MJ/kg, with the lowest value in golden apple snail meal and the highest in groundnut cake. The essential amino acid (EAA) profile varied between feed ingredients (Table 2 ). In general, the most individual EAA was lowest in sweet potato leaf meal and cassava leaf meal. In contrast, shrimp head meal, golden apple snail meal and soybean meal were high in most EAA. The chemical composition, gross energy content and EAA profiles of experimental diets were similar amongst diets with 223-230 g CP/kg, 15.9-17.2 MJ GE/kg and 81.7-90.3 g total EAA/kg (Table 3) .
Growth performance and feed utilisation
There were differences (p = 0.01-0.03) between diets in final body weight (BW), total weight gain (WG), daily weight gain (DWG) and specific growth rate (SGR) ( Table 4) .
The highest final BW, total WG, DWG and SGR were recorded for the shrimp head meal diet, followed in descending order by the golden apple snail meal and groundnut cake diets, the sweet potato leaf meal and cassava leaf meal diets and finally the soybean meal diet. The growth performance traits of fish on the shrimp head meal diet did not differ (p [ 0.05) from those on the reference diet (Table 4) . Fish fed shrimp head meal, groundnut cake and golden apple snail meal had a lower PI (p [ 0.23) than fish on diets with soybean meal, cassava leaf meal or sweet potato leaf meal. There were no differences (p [ 0.05) in FI, PER, FCR, PI between fish fed the reference diet and the diets with shrimp head meal, golden apple snail meal, groundnut cake, cassava leaf meal, sweet potato leaf meal and soybean meal ( Table 4 ). The survival rates were high (range 90.5-96.3 %) and did not differ between treatments (p [ 0.05).
Carcass and body indices
The proportion of fish fillet and kidney at the end of experiment ranged from (34.7-38.4 %) to (0.7-0.9 %) (wet weight basis), respectively, but there were no differences between the reference diet and the other diets (p [ 0.05) ( Table 5 ). The viscera-somatic index (VSI%), hepato-somatic index (HSI%) and (IPF%) index differed between treatments, with the highest VSI and HSI% (p \ 0.05) for golden apple snail meal and shrimp head meal diets. The highest content of intra-peritoneal fat (IPF%) was recorded for the soybean meal, golden apple snail meal and shrimp head meal diets (p \ 0.001).
The chemical composition of fillet, kidney and liver did not differ between the reference diet and the test diets (p [ 0.05). The highest CP content was found in the fish fillet (151-171 g/kg), followed in descending order by liver (142-159 g/kg) and kidney (139-155 g/kg). The highest lipid content was found in liver (52-101 g/kg) and the lowest in kidney (range 10-36 g/kg) (p \ 0.05). There were no differences (p [ 0.05) in ash content between fillet, kidney and liver.
Water quality
Average temperature (°C) was 28.6 ± 0.9 (range 27.2-30.1), pH was 7.8 ± 1.0 (6.7-8.2) and DO content (mg/L) was 7.0 ± 1.0 (5.4-7.2). Total ammonia nitrogen (TAN), total nitrogen (TN) and total phosphorous (TP) were low during the experiment, with TAN (mg/L) of 0.4 ± 0.2 (0.1-0.8), TN (mg/L) of 0.8 ± 0.21 (0.5-1.0) and TP (mg/L) 0.6 ± 0.2 (0.2-0.9). Nitrite (NO 2 ) and nitrate (NO 3 ) were also low during the experiment, with NO 2 (mg/L) of 0.1 ± 0.02 (0.03-0.1) and NO 3 (mg/L) of 0.07 ± 0.01 (0.01-0.1). The chemical oxygen demand (COD) (mg/L) was 43.4 ± 12.7 (22-69) and the biochemical oxygen demand (BOD) (mg/L) was 19.8 ± 7.5 (11-32). The concentration of total suspended solids (TSS) (mg/L) was 251.2 ± 59.9 (115.6-356).
Plankton monitoring and assessment
Phytoplankton
Four phyla of micro algae: Chlorophyta (green-algae), Cyanophyta (blue-green algae), Bacillariophyta (diatom belonging to ochrophyta) and Euglenophyta (euglenoids), were recorded during the experiment (Fig. 1) . Chlorophyta showed the highest proportion and accounted for 59.4 % of phytoplankton (17,622, range 7358-26,930 individuals/L), followed by Bacillariophyta with 17.4 % (5029, range 1198-10,878 individuals/ L), Euglenophyta with 12.2 % (3625, range 1760-5598 individuals/L) and Cyanophyta with 11.4 % (3385, range 1043-5451 individuals/L). At least 13 families were recorded in the Chlorophyta and Cyanophyta phyla and there were about six families in the Bacillariophyta phylum and four families in the Euglenophyta phylum.
In general, the density of phytoplankton increased as the experiment progressed (Fig. 1) .
Zooplankton
Three main zooplankton groups: Copepoda, Cladocera (monia) and Rotifera were recorded during the experiment (Fig. 1) . Rotifera was the most abundant group accounting for 65.1 % of zooplankton (2292, range 766-4767 individuals/mL), followed by 21.1 % for Cladocera (749, range 147-1442 individuals/mL) and 13.9 % for Copepoda (489, range 89-1442 individuals/mL). In general, the density of zooplankton decreased as the experiment progressed (Fig. 1 ).
Discussion
The data in the present study on Tra catfish fingerlings, cultured in hapa net cage installed in earthen pond, confirm previous laboratory studies that show that fish meal protein can be replaced with protein from locally available plant and animal ingredients in feed for striped catfish fingerlings without compromising growth performance, feed utilisation or carcass traits (Da et al. 2012) . The fingerlings were fed identical diets where fish meal CP was replaced with CP from SPLM (20 % replacement), CSLM (25 % replacement), GNC (25 % replacement), SBM (100 % replacement), GAPS (100 % replacement) and SHM (100 % replacement). The WG and DWG of fish cultured in hapa net cages installed in earthen pond of current experiment were four to sixfold higher than values reported for Tra catfish and Asian catfish species cultured under other laboratory conditions (Hung et al. 2003; Phumee et al. 2011) . In general, the chemical composition and amino acid profile of test feed ingredients were in good agreement with published data (Hue et al. 2010; Lindberg 2000, 2001; Tram et al. 2011; Nguyen et al. 2012) . The average CP content of the diets studied was 22.7 % within the range (19-30 % CP) required for normal growth rate in Tra catfish fingerlings, but lower than the range required (27-32 % CP) for maximum growth rate (Hung et al. 2002) . The dietary CP content was comparable to that reported for commercial Tra catfish farms, which is on average 26 % CP (range 20-30 %) for commercial feeds and 22 % CP (range 17-26 %) for farm-made feeds (Phan et al., 2009 ). The dietary content (g/kg DM) of arginine (13.2-14.8), Fig. 1 Proportion (% of total) of organisms occurring in each phylum of phytoplankton and zooplankton in the pond water used for striped catfish culture over the 16-week experimental period histidine (3.2-6.4), leucine (16.0-17.6), methionine (4.0-5.9), phenylanine (9.1-10.6) and valine (9.5-10.5) was above the requirements of channel catfish (Wilson et al. 1980) . Moreover, the dietary content (g/kg DM) of lysine (6.6-9.3), threonine (5.7-7.7) and isoleucine (9.0-10.2) met the requirements of channel catfish (Wilson 1989) . Almost all EAA profiles in the diets tested in the present study were high compared with the EAA recommendations for tilapia (Jackson and Capper 1982) and common carp (Schwarz and Kirchgessner 1988) .
The poorer growth performance and FCR on the soybean meal diet could be related to disturbed gut function (Nordrum et al. 2000) due to the presence of anti-nutritional factors. It could also be partly due to a lower supply of sulphur-containing amino acids in this diet than in the other diets. The CP and amino acid supply with the cassava leaf meal diet was similar to that with the other diets and the EAA profile was comparable. Although cassava leaves contain cyanogenic glycosides but the content in fresh cassava leaves is reduced by more than 80 % by sun drying and cooking (Hue et al. 2010; Phuc and Lindberg 2001) , a negative impact on fish performance cannot be ruled out.
The PER was high in the present study compared with values reported for juvenile African catfish fed plant protein (Fagbenro 2004; Nyina-wamwiza et al. 2007 ), red-tailed catfish species (Deng et al. 2011 ) and juvenile Asian catfish species (Hung et al. 2004; Phumee et al. 2011) . This indicates that the amino acid supply and amino acid profile in the test diets were adequate for Tra catfish requirements.
The HSI, IPF and VSI indices in present study were lower than those reported previously for Asian catfish species (Hung et al. 2003; Phumee et al. 2011 ). The HSI index was higher for the groundnut cake, golden apple snail meal and shrimp head meal diets than for the reference diet. Peres and Oliva-Teles (2008) demonstrated a correlation between HSI index and lysine level in the diet of turbot (Scophthalmus maximus) juveniles, with a linear decrease in HSI index with increased dietary lysine level. This relationship could not be confirmed in the present study. It has also been suggested that diets containing high amounts of carbohydrates should result in higher HSI index (Hernández et al. 2007; Hung et al. 2003) .
The average water temperature was 28.6°C, with a pH value of 7.8 (range 6.7-8. -(0.1 mg/L) and NO 3 -(0.07 mg/L) were low compared with the limits recommended in National Standards (TCVN 5942 1995) . In general, the water quality was good throughout the experiment and the values recorded can be considered low compared with the results of water quality monitoring in Tra catfish farms in the Mekong Delta . The average density in water of phytoplankton was 29,661 (11,359-48,857) individuals/L and the average density of zooplankton was 3530 (1002-7651) individuals/L. This was five to threefold higher than the densities of phytoplankton and zooplankton found in river water .
Conclusion
Fish meal protein in feed for Tra catfish (Pangasianodon hypophthalmus) fingerlings can be replaced by protein from locally available plant and animal feed ingredients in effectively compromising growth performance, feed utilisation or carcass traits of fish. However, the extent of replacement will depend on the properties of the individual feed ingredient. Further studies on grow-out fish are warranted to confirm the present findings, and to quantify the impact on fish performance and product quality traits under commercial conditions.
